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ABSTRACT 

I n  o rde r  to  m a k e  D T A  accessible to  a larger  g r o u p  o f  in teres ted  people  a new 
s imple  D T A  c o n c e p t  was  developed .  W i t h o u t  large,  scale e lectronics  l inear  changes  o f  
t empe ra tu r e  in the  range  o f  + 20 to + 1000°C are  realized. T h e  system seems to  be 
sui table  for  b o t h  l abo ra to ry  courses  a n d  research.  Cons t ruc t iona l  features,  the  m o d e  
o f  o p e r a t i o n  a n d  a select ion o f  different  D T A  curves  are  repor ted .  

I N T R O D U C T I O N  

Linear  t e m p e r a t u r e  changes  in D T A  systems a re  u sua l l yach i eved  by  a n  e lec t ronic  
a t t achmen t .  As a rule,  this un i t  raises the  price o f  D T A  e q u i p m e n t  cons iderably ,  so 
restr ic t ing the  app l ica t ion  o f  this i m p o r t a n t  a n d  in format ive  m e t h o d  to  larger  research  
laborator ies .  T o  m a k e  D T A  accessible to  a larger  g r o u p  o f  in teres ted  people ,  a n e w  
concep t  was  developed,  w h i c h  al lows g o o d  qual i ty  D T A  m e a s u r e m e n t s  in  a t empera -  
tu re  range  o f  + 20 to  + 1000°C w i t h o u t  large-scale e lectronics  I. T h e  easy ope ra t i on  
a n d  low cos t  o f  this c o m p a c t  D T A  e q u i p m e n t  m a k e s  it a va luable  i n s t rumen t  especial-  
ly for  use  in  l abo ra to ry  courses ,  b u t  also in  m a n y  research  appl icat ions .  

I n  the  first pa r t  o f  this pape r  cons t ruc t iona l  features  a n d  the  m o d e  o f  ope ra t i on  
will  be  described.  I n  the  second  pa r t  a select ion o f  var ious  measu remen t s  is repor ted .  
These  m a y  show tha t  the  appa ra tus  a n d  m e t h o d  descr ibed  are  n o t  a step back  f r o m  
the  cen tu ry  o f  h igh  technica l  s t andards  to  the  " 'Middle  Ages" .  

CONSTRUCTIONAL FEATURES, MODE OF OPERATION 

T h e  m a i n  difference to  conven t iona l  D T A  ins t ruments  is the  usc o f  a sys tem 
wh ich  is " s l o w "  wi th  respect  to  the  t ransfer  o f  hea t  f r o m  oven  to  sample  a n d  reference.  
F igu re  1 shows a schemat ic  c o m p a r i s o n  be tween  a conven t iona l  D T A  system a n d  the  
" 'Tr iac-cont ro l led"  system. I n  a conven t iona l  sys tem (I in Fig.  1) con t ro l  o f  the  cu r r en t  
c o n s u m p t i o n  o f  the  D T A  f u r n a c e  is ach ieved  by a n  e lec t ronic  un i t  wi th  a t h e r m o c o u p l e  

• as  f eedback  nea r  the  hea t ing  e lement .  T o  p r o d u c e  cons t an t  t empera tu res  o r  t ime- l inear  
t e m p e r a t u r e  changes  w i t h o u t  undu la t ion ,  the  system m u s t  have  a low the rma l  
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Fig. 1. Schematic comparison between a conventional DTA system (I) and the "Triac-controlled" 
system (II). S, sample; R, reference; TP, temperature programming attachment; T, Triac-controlled 
power supply; A, ammeter. 
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Fig. 2. Circuit of the Triac-controlled power supply. Internal resistance of the heating element 
(R~.)  N 25 ~ .  

inertness,  i.e., t ransfer  f r o m  oven  to sample  (S) a n d  reference  (R)  m u s t  be  fast. In  
o the r  words ,  the  t e m p e r a t u r e  o f  t h e  fu rnace  is near ly  equa l  to  the  t e m p e r a t u r e  o f  the  
sample  a n d  reference a t  any  t ime o f  the  t empe ra tu r e  p rog ram.  

I n  o rde r  to  save the  e lect ronic  t empe ra tu r e  con t ro l  unit ,  j u s t  the  c o n t r a r y  
cond i t ions  have  to  be me t  (II  in  Fig.  1). The  furnace  consists  o f  a bifilar ( induc t ion-  
free) w ind ing  o f  a n ic ro tha l  hea t ing  e lement ,  wh ich  is fixed on a th ick-wal led  crucib le  
o f  oxidic  mater ia l .  A ceramic  b lock  inside the  crucible  con ta ins  the  sample  (S) a n d  
reference  (R) .  A pre-set  cons t an t  p o w e r  o u t p u t  f r o m  a Tr iac -con t ro l l ed  p o w e r  supply  
(circuit  dep ic ted  in  Fig.  2) to  the  hea t ing  e l emen t  induces  a change  o f  t empe ra tu r e  a t  
the  posi t ions  o f  sample  a n d  reference inside the  D T A  cell, wh ich  is l inear  wi th in  a 
b r o a d  t empera tu re  a n d  t ime range  a n d  w i thou t  any  undu la t ion .  Di f ferent  hea t ing  
ra tes  are  ob ta ined  by va r ia t ion  o f  the  pre-set  cur rent .  A select ion o f  some  charac ter is t ic  
changes  in  t empera tu re  vs. t ime  curves  o b t a i n e d  wi th  a " T r i a e - e o n t r o l l e d "  D T A  

system is g iven in  Fig.  3. 
F igure  4 shows a schemat ic  d r a w i n g  o f  the  comple te  t ab le , top  D T A .  T h e  lower  

p a r t  o f  the  sys tem conta ins  the  Tr iac  c i rcui t  a n d  the  ammete r ,  the  ze ro-po in t  reference,  
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Fig. 3. A selection o f  some characteristic changes o f  temperature vs. time curves obtained with a 
" I r iac-contro l led '"  D T A  system. The parameter  given is the current.  By pre-selection of, for example, 
4.5 A there is a linear heating rate o f  6°C min -z f rom 90 to 360°C (arrows). The dotted line shows 
cooling o f  the closed D T A  system f rom N 500°C. 

a fan, the Ts-(temperature of  the sample) and  AT-(DTA) output.  On top of  this unit  
a heat  insulator and  the D T A  furnace are mounted.  The upper  part  of  the system 
consists of  two guide rods which allow movement  of  the ceramic D T A  cell in a 
vertical direction. In  its lowest position the D T A  cell is completely inserted in the 
furnace; in its uppermost  posit ion the D T A  cell is accessible to be filled with sample 
and  reference. Intermediate  positions of  the D T A  cell and  addit ional  use of  the fan 

allow various cooling rates f rom elevated temperatures.  
The D T A  cell (Fig. 4)consis ts  of  two parts: the lower part  contains two sleeves 

of  metal inserted in respective bores; on  top of  the upper  part  two fittings for flexible 
thermocouples (Ni/NiCr)  reach into the metal sleeves. 

To fill the D T A  cell with sample and  reference, the upper  part  is lifted and  fixed 
at  a special rod. Tubes containing sample and reference (Fig. 5) are inserted into the 
sleeves o f  metal in the lower part  of  the D T A  cell and  the thermocouples  are put  into 
special tube fittings. The two-piece D T A  cell is then reassembled and  completely 
inserted into the furnace wi thout  running the risk o f  unin tended altering of  the 
positions of  the thermocouples.  By pre-selection of  a constant  current  a D T A  meas- 
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Fig. 4. Schematic drawing of the complete table-top DTA system. 

Fig. 5. Sample tubes (quartz glass) with fittings for thermocouples, a, Used for DTA measurements 
in "open" systems; b, used for DTA measurements in "closed" systems. 

u r e m e n t  can  n o w  be started. T h e  signals Ts a n d  A T are  r e c o r d e d  by  a n  appropr i a t e  
conven t iona l  two-channe l  recorder .  

A S E L E C T I O N  O F  D T A  C U R V E S  O B T A I N E D  W I T H  T H E  " ' T R I A C - C O N T R O L L E D ' "  D T A  SYSTEM 

T h e  use o f  comple te ly  preparo, d a n d  re-usable  samples  wi th  w e l l - k n o w n  re- 
p roduc ib le  t he rm a l  effects proves  to  be very favourab le  in  l abo ra to ry  courses  wi th  
demons t r a t ive  D T A  exper iments .  F o u r  respective examples  ( D T A  o f  S, Se, Te  a n d  TI) 
are  g iven below,  all samples  be ing  sealed in  D T A  tubes  o f  qua r t z  glass. 

F igure  6 shows the  D T A  curve  o f  su lphur .  The re  are  th ree  e n d o t h e r m i c  peaks:  
a t  96°C  the  t r ans fo rma t ion  ~t-S ~ fl-S takes  place a n d  is fo l lowed  by mel t ing  o f  fl-S 
a t  119 °C. T h e  th i rd  effect at  --~ 160 °(2 represents  the  t r a n s f o r m a t i o n  in  the  mel t  f r o m  
fluid to viscous.  

I n  Fig.  7 the  D T A  curve  o f  v i t reous  se lenium is given.  T h e  first e n d o t h e r m i c  
p e a k  a t  ,v 4 8 o c  cor responds  to  sof tening o f  v i t reous  selenium.  A t  t empera tu re s  
> 100 °C, a n d  depend ing  o n  the hea t ing  rate ,  exo the rmic  t r a n s f o r m a t i o n  to  t r igonal  
se lenium takes  place,  a n d  a t  223 °C mel t ing  o f  t r igonal  se len ium is observed.  
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Fig. 6. I )TA of  sulphur. Closed tubes; weight-in, 1.20  g S ;  reference material, Te; AT-sensitivity, 
1 mV; thermocouples, N i / l ' 4 i C r .  

Fig. 7. DT A of  selenium. Closed tubes; weight-in, 2 . 6 6  g S e ;  reference material, Te; AT-sensitivity, 
1 mV; thermocouples, Ni/NiCr. 
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Fig. 8. I)TA of tellurium. Closed tubes; weight-in, 3.30 g "Ire; reference material, Sb;/IT-sensitivity, 
1 mV; thermocouples, Ni/NiCr. 

Figure 8 shows the D T A  curve o f  tel lurium during heating and cooling.  At  
453 °C melt ing o f  tel lurium is recorded and  solidification o f  tel lurium during cool ing  is 

observed with  large supercooling.  
Figure 9 contains  the D T A  curve o f  thal l ium during heating. At  235°C a 

solid state transformation ~-TI (hexagonal)  --* f l -Tl  (cubic)  is recorded. The high 
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Fig. 9. DTA of  thallium. Closed tubes; weight-in, 6,4 g TI; reference material, Sb; AT-sensitivity, 
1 mV; thermocouples, NiJNiCr. 

Fig. 10. DTA of  NH4NO3. Open tubes; weight-in, 0.94 g NHaNOa; reference material, AlcOa; 
AT-sensitivity, 1 mV; thermocouples, NifNiCr. 
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Fig. 11. DTA of the reaction 3 SnI2 Jr 2 TeI4 -* 2 TeI Jr 3 SnI4. Closed tubes; weight-in, mixture of  
1.65 g SnI2 and 1.92 g TeI4; reference material, Te; AT-sensitivity, 1 mV; thermocouples, Ni]NiCr. 

Fig. 12. DTA of  NazPHO3- SHaO. Open tubes; weight-in, 1.05 g Na2PHOa- 5H20; reference 
material, A!2Oa; AT-sensitivity, 1 mV; thermocouples, Ni/NiCr. 
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t e m p e r a t u r e  modi f ica t ion  melts  at  303 °C a n d  solidifies du r ing  coo l ing  w i t h o u t  super-  
cool ing.  T h e  reversible phase  t r ans fo rma t ion  to  ~-TI is slightly supercooled .  

A n o t h e r  example  sui table  for  a n  i l lustrat ive D T A  exper imen t  - -  in  this case in 
a n  " o p e n  sys tem"  - -  is the  D T A  curve  o f  N H a N O 3 ,  which  is given in Fig.  10. T h e r e  
are  th ree  e n d o t h e r m i e  phase  t r ans fo rma t ions  in  the solid state at  --- 42, 85 a n d  127 °C, 
w h i c h  be long  to the  t r ans fo rmat ions ,  o r t h o r h o m b i c  I -~ o r t h o r h o m b i e  I I  -~ tetra-  
gona l  ~ cubic.  The  cubic  phase  melts  at  170°C a n d  at  t empera tu res  >~ 283°C de- 
c o m p o s i t i o n  or- the mel t  takes  place.  

T h e  last  two examples  o f  D T A  measu remen t s  wi th  the  " 'Triac-control led '"  
system be long  to  different  fields o f  o u r  recent  research w o r k  in inorganic  a n d  s t ruc tura l  

chemist ry .  
F igure  11 shows the  D T A  curve  o f  the  reac t ion  

3 SnI  2 + 2 TeI  4 --~ 3 S n I ,  + 2 TeI  

wh ich  is pa r t  o f  a systemat ic  s tudy  o f  t e rnary  systems S n - T e - X  (X = CI, Br, 1) 2. The  
exo thermic  r e a c t i o n  takes  place  in  the sol id state a n d  is f inished at  a b o u t  100°C. 
Mel t ing  o f  the  reac t ion  p roduc t s  is observed  a t  144°C ( S n I , )  a n d  183 ° C  (TeI) .  In  the  
course  o f  cool ing  f rom the  mel t  slightly supercoo led  solidif icat ion o f  SnI  4 a n d  TeI  is 
recorded .  T h e  p roduc t s  were  identif ied by their  X- ray  pat terns .  

F igure  12 gives the  D T A  curve  o f  N a 2 P H O 3  - 5 H 2  O 3 .  There  are  three  endo-  
the rmic  peaks:  i ncongruen t  mel t ing  o f  N a 2 P H O 3  - 5 H 2 0  at  53 °C, e v a p o r a t i o n  o f  
water ,  a n d  f o r m a t i o n  o f  a new in te rmedia te  phase  N a 2 P H O  3 - 0 . 5 H 2 0  at  114°C. 
D e h y d r a t i o n  o f  the  n e w  h e m i h y d r a t e  is observed  a t  t empera tu res  > 150°C. These  
results  are  conf i rmed  by T G  measurements .  The  phases  are  identified and  charac te r ized  
by their  X- ray  pat terns .  

CONCLUSIONS 

Besides the m a i n  fact, tha t  real g o o d  qual i ty  D T A  measu remen t s  can  be m a d e  
wi th  this s imple " 'Triac-control led '"  D T A  equ ipmen t ,  it shou ld  be  no t ed  tha t  there  is 
no  undes i rab le  " b l a c k - b o x "  effect, tha t  the  ope ra t i on  is very easy a n d  tha t  it  is near ly  
impossible  to  des t roy  the  appa ra tu s  (even the  the rmocoup les ) .  Because o f  the  low 
cost  o f  the  sys tem s imul taneous  use o f  several D T A  uni ts  appears  possible.  These  
facts m a k e  the  "Tr iac-cont ro l led ' "  D T A  e q u i p m e n t  a va luable  i n s t rumen t  for  use in 
l abo ra to ry  courses  4 as well  as  in  the  field o f  research  w o r k .  
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